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Abstract 
Persistent Organic Pollutants (POPs) are a huge group of chemicals that have been linked to various adverse health effects in 
humans, independent on where they live. Polychlorinated biphenyls (PCBs) belong to the group of Persistent Organic Pollutants, 
being one of the most widespread environmental pollutants. Even exposure to low levels of PCBs conducts to various acute and 
chronic health effects. 
Substances like PCBs, which are accumulated at hazardous levels in living organisms, pose environmental and human-health 
risks. Our objective in this paper is to evaluate the risk for human health using GIUDITTA software. The model was applied to a 
case-study of 7 polychlorinated biphenyls (PCB 28, PCB52, PCB 101, PCB 118, PCB 138, PCB 153, PCB 180) measured in an 
urban soil located in Bucharest. 
GIUDITTA is a Windows based software program, developed in Italy by Dames & Moore commissioned by and in cooperation 
with Milan Province and calculates the risk according to ASTM standard E2081-00 (Standard Guide for Risk-Based Corrective 
Action). 
The results of the risk assessment from this case-study could be a useful tool for urban planning and development. 
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1. Introduction 
Polychlorinated biphenyls (PCBs) are a group of “persistent organic pollutants” (POPs). The aim of the 
Stockholm Convention is to protect the human health and environment from persistent organic pollutants (POPs). 
PCBs are synthetic chlorinated hydrocarbon compounds in which 1–10 chlorine atoms are attached to a biphenyl 
backbone (Fig. 1a). Theoretically, 209 individual PCB congeners can be formed, depending by level of chlorination 
and substitution position.  
The more highly chlorinated congeners adsorb strongly to soil and sediment and are generally persistent in the 
environment. The various congeners in soil and sediment have half-lives that extend from months to years. 
Adsorption of PCBs generally increases with the extent of chlorination of the congener and with the organic 
carbon and clay contents of the soil or sediment. Volatilization and biodegradation - two very slow processes - are 
the major pathways of PCBs removal from water and soil. 
Polychlorinated biphenyls usage is related with industry. Even their production were banned in the first half of 
the 1970's in many countries, they are still present in many products (e.g. capacitors, transformers, hydraulic fluids, 
cutting oils, etc.) and they can also be formed as by-products of certain industrial processes or waste incineration 
(EA, 2007; Sokolovski and Dombalov, 2005; Sandu et al., 2013). PCBs are good markers of urban activities 
(Fabietti et al., 2010; Ma et al., 2009; Zhang et al., 2007). 
The PCBs are worldwide concerns because of their persistence, bioaccumulation and toxicity to human and 
environment (Dimond and Owen, 1996; Nakata et al., 2002; Jones and de Voogt, 1999; Sandu et al., 2013). PCBs 
cause adverse effects on reproduction, development, and endocrine function (Gray, 2002; Safe, 1994; Hansen, 
1998). 
The long range atmospheric transport turns PCBs into a transboundary environmental problem, even at sites 
located far from human activity. The contamination of soils with those compounds may result from diffuse or point 
sources. 
The soil is playing an important role in the global distribution and fate of these organic pollutants and 
consequently is the major reservoir (Srogi, 2007; Sandu et al., 2013).  
Soil contamination with PCBs may pose risks to human health through dermal absorption, ingestion and 
inhalation of particulates (Srogi, 2007; USEPA, 1991; Sandu et al., 2013) affecting current and future land use 
(Georgescu et al., 2012). 
2. Materials and Methods 
Recent researches carried out by Sandu M. (2013) showed high concentrations of PCBs in Bucharest city (Fig. 
1b).The maximum depth of investigations was around 10 – 15 cm. Comparing the investigated data with legal levels 
of Romanian regulations – Minister Order 756/1997 regarding the content of polychlorinated biphenyls compounds 
in soils, the concentrations exceeds the normal values in the most sampling points (Fig. 2). 
The presence of polychlorinated biphenyls compounds in almost all investigated points arise concernment reasons 
for the exposed population.  
GIUDITTA is a Windows based software program, developed in Italy by Dames & Moore, commissioned by and 
in cooperation with Milan Province, and which calculates the risk according to ASTM standard E2081-00 (Standard 
Guide for Risk-Based Corrective Action). 
The GIUDITTA model follows the ISS/APAT/ISPESL database, US EPA RAIS database and database from 
SYRACUSE, TOXNET, GSI.NET, CAL EPA and determines the risk of adverse health impacts of the population 
exposed to the chemicals found in soil. 
GIUDITTA follows the Italian maximum allowable limits for deep and shallow soil, referred to the specific site 
land use, according to D.Lgs 152/2006 Norme in material ambientale. In this regulation, a site is defined as 
“potentially contaminated” if the measured concentrations in soil exceed the prescribed threshold concentration – 
0.06 mg/kg (Giuditta - user’s handbook). 
GIUDITTA calculates the risk or hazard resulting from potential exposure to chemicals via the appropriate 
pathways and routes determined for a site. 
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Fig. 1. (a) Chemical structure of the PCB molecule; (b) Distribution of sampling points in the area of Bucharest city 
(Sandu M. et al., 2013) 
 
Fig. 2. The PCBs concentration (mg/kg) in soils samples taken from: a) public parks;b) private gardens, c) residential areas of the 
Municipality of Bucharest (Sandu M. et al., 2013) 
The risk associated with human exposure to carcinogens refers to the incremental probability of cancer occur 
during lifetime and is expressed as (Giuditta - user’s handbook): 
Risk = CDI x SF   (1) 
where: 
CDI – Chronic Daily Intake for human receptor in site; 
SF – Slope Factor (mg/kg.day), which is the slope of the dose-response curve in the low-dose region. 
a 
b 
ba c 
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The value of risk R is acceptable generally at 10-5 and GIUDITTA considers this value for the Acceptable Risk 
Level. 
The risks associated with human exposure to non-carcinogenic substances are expressed in terms of Hazard 
Indices (HI), (Giuditta - user’s handbook): 
HI = MDI/TDI (2) 
where: 
MDI – Maximum Daily Intake for human receptor site; 
TDI – Tolerable Daily Intake, which is the maximum daily intake that doesn’t cause adverse effects for human. 
If the HI<1, the adverse effects for the human health are excluded. 
Fig. 3. Generic conceptual model for a shallow soil source (NICOLE, 2004) 
GIUDITTA includes databases for human health risk assessment, based on specific toxicological, physical and 
chemical parameters. 
x Two types of land use were taken into consideration for the study case: 
x Residential; 
x Public/private parks. 
The main soil exposure pathways (Fig. 3) were the followings: 
x Soil ingestion; 
x Dermal contact; 
x Inhalation of dust. 
The main steps of evaluating human health risk in GIUDITTA software are presented below: 
x Area definition; 
x Sampling point contamination; 
x Statutory limits exceedences; 
x Land use and exposure pathways selection; 
x Data analysis criteria; 
x Results (charts). 
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3. Results and Discussions 
The human health risk assessment was conducted considering two areas of sensitive land use: residential and 
public/private parks. The risk was calculated for Total PCBs Concentrations taking into account each route of 
exposure. 
The following tables present the results obtained for each type of land use considered. 
Table 1. Human health risk level –Public/private parks 
Sampling point Total PCB Conc.(mg/kg) Soil ingestion Inhalation of dust Dermal contact 
1 0.0032 - - - 
2 0.0032 - - - 
3 0.0047 - - - 
4 0.0606 8.5E-6 5.2E-6 1E-5 
5 0.0039 - - - 
6 0.0047 - - - 
7 0.0025 - - - 
8 0.1280 3.2E-4 9.6E-5 3.6E-4 
9 0.0142 - - - 
10 0.0620 9E-6 6E-6 1.2E-5 
11 0,0044 - - - 
14 0.0087 - - - 
22 0.0040 - - - 
23 0.0027 - - - 
24 0.0011 - - - 
25 0.0071 - - - 
26 0.0003 - - - 
27 0.0006 - - - 
28 0.0052 - - - 
32 0.0018 - - - 
33 0.0038 - - - 
34 0.0017 - - - 
35 0.0076 - - - 
36 0.0677 1.1E-5 9.7E-6 1.3E-5 
37 0.0171 - - - 
38 0.0048 - - - 
39 0.0148 - - - 
44 0.0632 9.1E-6 6.4E-6 1.4E-6 
Table 2. Human health risk level – Residential Use 
Sampling point Total PCB Conc. (mg/kg) Soil ingestion Inhalation of dust Dermal contact 
12 0.0100 - - - 
13 0.0180 - - - 
16 0.0081 - - - 
17 0.0127 - - - 
18 0.0136 - - - 
19 0.0080 - - - 
20 0.0633 1.1E-5 8.9E-6 1.4E-5 
21 0.0116 - - - 
29 0.0683 1.3E-5 9.7E-6 1.5E-5 
30 0.0214 - - - 
31 0.0018 - - - 
40 0.0062 - - - 
41 0.0102 - - - 
42 0.0230 - - - 
 
Taking into consideration the modelling result, it could be highlighted the following issues: 
x 13.5% of the samples revealed carcinogenic risk that exceeds the acceptable limits for health; 
x The main risks to human health caused by the presence of PCBs in soil are related to soil ingestion and dermal 
contact. 
It should be noted that the mentioned results of the measurements do not exclude the presence of higher 
concentrations of PCBs in the deeper soils or uninvestigated areas. 
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4. Conclusions 
To quantify the negative effects to receptors exposed to soil contamination, human health risk assessment 
methodology is usually applied, to evaluate individual cancer risk and hazard index. 
In the risk assessment process are sources of uncertainty that can affect the decision-making process (NAS, 
2001). Uncertainties can appear from: sampling error and representativeness, sample analysis, natural variation and 
parameter error, toxicological uncertainties, conceptual model and model error.  
The method used in this paper for characterizing human health risks appears appropriate for PCB contaminated 
soils. 
Risk assessment results could be a very useful tool, because it gives a rational and objective starting point for 
priority setting and decision making. 
Overestimated risk can alarm the public and force an active management solution that will not reduce risk and 
thus be inappropriate. Furthermore, if some risks are overstated while others are not considered, such as those 
associated with active remediation, a biased decision will be reached, and the environment might be damaged by a 
reduction of risk, or in some cases, risks might be increased due to inappropriate or unnecessary remedial actions 
(NAS, 2001). 
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